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,QWURGXFWLRQ
7KHVRODUSRZHUV\VWHPEDVLFFRPSRQHQWLV WKHVRODUFHOOZKLFKJHQHUDWHVSRZHUE\DEVRUELQJWKHHQHUJ\RI
SKRWRQV HPLWWHG E\ WKH 6XQ:KHQ WKHVH SKRWRQV UHDFK WKH VXUIDFH RI WKH VRODU SDQHO HOHFWURQV DUH WUDQVIHUUHG
WKURXJKWKHFHOOFUHDWLQJHOHFWULFDOSRWHQWLDOHQHUJ\7KHHIILFLHQF\RIWKHVHFHOOV LVGHWHUPLQHGE\WKHW\SHRIWKH
VHPLFRQGXFWRU7KUXWKH\HDUVWKHHIILFLHQF\DQGWKHSURGXFWLRQFRVWRIWKLVSDQHOVKDVHYROYHGQRWLFHDEOH7KHFHOO
HIILFLHQF\KDVJURZQFRPSDUHGWRWKHSUHYLRXV\HDUVDQGWKHSURGXFWLRQFRVWVDUHPXFKORZHUGXHWRDQLQFUHDVHG
GHPDQGRIWKLVWHFKQRORJ\>@7KHSXUSRVHRIWKHSDSHULVWRSUHVHQWWKHGHVLJQDQDO\VLVDQGVLPXODWLRQRIWKHVRODU
SRZHUV\VWHPWRGHWHUPLQHWKHHQHUJ\SURGXFWLRQDQGWRPHHWWKHRSWLPDOGHPDQGRIHQHUJ\FRQVXPSWLRQIRUWKH
SURSRVHGV\VWHP7KHSURSRVHGVRODUSRZHUV\VWHP LV VL]HGIRUD W\SLFDODQGDYHUDJHUHVLGHQWLDOFRQVXPHU$IWHU
NQRZLQJ WKH WRWDOSRZHU3W DQG WLPHXVDJHRI WKHHOHFWULFDO FRQVXPHUV WKHHQHUJ\GHPDQGFDQEHHVWLPDWHG (G
7KLVFDQJLYHDEDVLFIRUHFDVWRIWKHHQHUJ\QHHGVZKLFKWKHVWDQGDORQHVRODUSRZHUV\VWHPZLOOSURYLGH>@
)XUWKHULQWKHSDSHUWKHWHFKQLFDODQGHFRQRPLFDQDO\VLVLVSUHVHQWHGZKHUHWKHVLPXODWLRQUHVXOWVDUHGLVFXVVHG
DQGDQDO\]HGIURPDILQDQFLDOSHUVSHFWLYH7KHVRIWZDUHXVHGIRUVLPXODWLRQLV+20(5YHUVLRQ>@)RUWKH
V\VWHP LQYHVWPHQW DQG SD\EDFN SHULRG VWXG\ D9LVXDO%DVLF([FHO W\SH RI SURJUDPZDVPDGH E\ XVLQJ VSHFLILF
IRUPXODVDQGDOJRULWKPVWRFDOFXODWHDQGSORWJUDSKVDERXWWKHILQDQFLDODQDO\VLV
6RODUSRZHUV\VWHPGHVLJQIRUUHVLGHQWLDOFRQVXPHU
7KHGHVLJQIORZFKDUWRIWKHVRODUSKRWRYROWDLF39V\VWHP
'HVLJQRIWKHVRODUSKRWRYROWDLF39V\VWHPLVSUHVHQWHGLQWKH)LJDVDQIORZFKDUW>@7KH39DUUD\GHVLJQLV
LQIOXHQFHGE\WKHORDGGHPDQGE\WKHVRODUUDGLDWLRQVXQKRXUVDQGE\WKH39SDQHOHIILFLHQF\ZLWKRWKHUFDEOHDQG
WKHUPDO ORVVHV FRQVLGHULQJ DV DFFRXQWLQJ ORVVHV7KH FKDUJH FRQWUROOHU LV FKRVHQEDVHGRQ WKHRXWSXW YROWDJH DQG
FXUUHQW UDWLQJ RI WKH 39 V\VWHP >@ $OVR WKH RXWSXW RI WKH FKDUJH FRQWUROOHU LV D IXQFWLRQ RI EDWWHU\ SDUDPHWHUV
%DWWHULHVIRUSKRWRYROWDLFZLQGRUK\EULGUHQHZDEOHHQHUJ\V\VWHPVDUHVSHFLDOO\EXLOWZLWKQRPDLQWHQDQFHDQGD
ODUJH QXPEHU RI FKDUJHGLVFKDUJH F\FOHV 7KH OLIHWLPH RI D EDWWHU\ SDFN GHSHQGV RQ GHSWK RI GLVFKDUJH DQG RQ
WHPSHUDWXUH$EDFNXSJHQHUDWRUVKRXOGDOVREHFRQVLGHUHGLQWKHV\VWHPGHVLJQDVDEDFNXSVROXWLRQIRUFKDUJLQJ
WKHEDWWHULHV LQGD\VZLWK LQVXIILFLHQW VRODU UDGLDWLRQ7KH LQYHUWHU UHSUHVHQWV WKH ILQDO FRPSRQHQW RI WKH HOHFWULFDO
FRQVXPHUV SRZHU VXSSO\ DQG FRQYHUWV WKH XQUHJXODWHG '& SRZHU JHQHUDWHG E\ VRODU 39 SDQHOV LQWR $& 6XFK
LQYHUWHUVPDGHZLWKVSHFLDOHOHFWURQLFGHYLFHVDUHFDOOHGQHWZRUNLQYHUWHUVDQGWKHLUSRZHUUDWLQJLQIXQFWLRQGHSHQGV
RQWKHPD[LPXPORDGGHPDQG


)LJ,VRODWHGVRODUSRZHUV\VWHPGHVLJQIORZFKDUW
&KDUJH
FRQWUROOHU

%DWWHU\

,QYHUWHU39DUUD\GHVLJQ
/RDG
'HPDQG

6XQKRXUV

/RVVHV
831 Karoly Ronay and Cristian Dragos Dumitru /  Procedia Technology  22 ( 2016 )  829 – 835 
(OHFWULFLW\GHPDQGVRIWKHUHVLGHQWLDOFRQVXPHU
$QDYHUDJHKRXVHKROGHOHFWULFDOHQHUJ\GHPDQGLVSUHVHQWHGLQ7DEOHDQGGHWDLOHGLQ)LJDVDGDLO\SURILOH
7KHVRODU39SRZHUV\VWHPLVWKHGHVLJQHGSODQHGDQGLPSOHPHQWHGIRUWKHDERYHPHQWLRQHGHQHUJ\GHPDQG>@
7KHVRODU39SRZHUV\VWHPKDV WRVXSSO\ WKHSURSRVHGFRQVXPHU>@7KH3LQVWUHSUHVHQWV WKHVXPRIDOO LQVWDOOHG
HOHFWULFDOORDGVLQWKHUHVLGHQWLDOFRQVXPHUDQG(GLVWKHDSSUR[LPDWHHQHUJ\FRQVXPHGSHUGD\
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FRQVXPSWLRQSLHFHVRI:SRO\FU\VWDOOLQHVRODUSDQHOVDUHFKRVHQ7KHVRODUSDQHOFKDUDFWHULVWLFVDUHRXWSXW
YROWDJH9RXW 9RXWSXW FXUUHQW ,RXW $7KH39JHQHUDWHGSRZHU LV VOLJKWO\ ODUJHU WKDQQHFHVVDU\EHFDXVH
WKH\KDYHWRFRYHUDOOW\SHVRIORVVHVFDEOHORVVHVLQYHUWHUORVVHVDQGHVSHFLDOO\WKHVRODUEDWWHULHVORVVHV
7KHSURSRVHGFRQILJXUDWLRQIRUWKHVRODU39SDQHOVLVZLWKIRXUURZVRIILYHSDQHOVLQDVWULQJZKLFKSURYLGHDQ
RXWSXWYROWDJH9RXW 9DQGDQRXWSXWFXUUHQW,RXW $ 7KHUHVXOWLQJSRZHULV3RXW 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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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
)LJ6RODUUDGLDWLRQGDWDIRUWKHFHQWHU7UDQV\OYDQLDQDUHD
7KHEDWWHU\FKDUJHUKDVLPSOHPHQWHGWKHIXQFWLRQRIDPD[LPXPSRZHUSRLQWWUDFNHU0337ZKLFKSHUPDQHQWO\
PRQLWRUVWKHPD[LPXPSRZHUSRLQWZLWKWKHKHOSRIDVSHFLDODOJRULWKP7KHZLGHUDQJHRILQSXWYROWDJHVPDNHVLWV
XVDJHSRVVLEOHZLWKDQ\ W\SHRI VRODU39SDQHOV7KH LQWHJUDWHGPD[LPXPSRZHUSRLQW 033FKDUJHU LQVXUHVD
JUHDWHU DPRXQW RI HQHUJ\  WKDQ ZKHQ XVLQJ FRQYHQWLRQDO FKDUJHUV VKXQW W\SH DQG KDV DQ LQSXW YROWDJH
9LQBPD[ 9'&DQGFKDUJLQJFXUUHQW,RXWBPD[ $
)RU DQ RSWLPDO FRQILJXUDWLRQ DQG PDLQWHQDQFH D QXPEHU RI  9 DQG $K JHO EDWWHULHV DUH FKRVHQ 7KH
EDWWHULHVDUHFRQQHFWHGLQVHULHVSURYLGLQJDQRXWSXWYROWDJH9RXWBEDW 9DQGWKHFDSDFLW\RIHQHUJ\VWRUHGLQWKH
EDWWHULHV LV (PD[BEDW N:K 7KH RSWLPDO LQYHUWHU VL]H IRU WKLV VRODU 39 V\VWHP LV 9$ DQG 9'& LQSXW
YROWDJH7KHRXWSXWLVDSXUHVLQHZDYHZKLFKKDVDJRRGUHVSRQVHDWKLJKSRZHUVWDUWXSUHGXFLQJORVVHV>@

7HFKQLFDODQGHFRQRPLFDODQDO\VLVRIWKHV\VWHP
6\VWHPDQDO\VLVLQ+20(5(QHUJ\VRIWZDUH
7KHSXUSRVHRIWKLVDQDO\VLVLVWRVWXG\WKHSUHYLRXVO\SUHVHQWHGV\VWHPLQGLIIHUHQWVFHQDULRDQGFRQILJXUDWLRQ
7KHGHVLJQHGV\VWHPLVPRGHOHGLQWKH+20(5(QHUJ\>@VRIWZDUH7KHSURSRVHGVRODUSRZHUV\VWHPHTXLSPHQW
DQGSDUDPHWHUVDUHLQSXWWHGLQWKHVFKHPDWLFVHFWLRQ)LJ
,QWKHPDLQFKHFNER[WKHV\VWHPFRPSRQHQWVDUHDGGHGDQGWKHV\VWHPW\SHFDQEHFRQILJXUHG$IWHUWKHGHVLUHG
V\VWHP FRPSRQHQWV DUH FKHFNHG WKH GDWD LQSXW LV QHHGHG IRU YDULRXV FRPSRQHQWV  )RU WKLV PRGHO WKH GDWD LV
FROOHFWHGDVLQGLFDWHGLQWKHVRODU39V\VWHPGHVLJQFKDSWHU$QRSWLRQDOFRPSRQHQWLVDGGHGDQGWKHVLPXODWLRQ
WDNHVDVDGLIIHUHQWVFHQDULRVKRZLQJLQWKHUHVXOWVZLQGRZ%HIRUHVLPXODWLRQFRQVWUDLQWVDUHLQSXWWHGWRPHHWWKH
IHDVLEOHDQGRSWLPDOUHVXOWV
+RPHUVLPXODWLRQUHVXOWV
$IWHUUXQQLQJWKHVLPXODWLRQ WKHSURJUDPSURYLGHVWZRRSWLPL]HGUHVXOWV)LJ2QHLV WKHSURSRVHGV\VWHP
SUHVHQWHG LQ WKH GHVLJQ FKDSWHU RI WKLV SDSHU DQG WKH RWKHU LVZLWK D GLHVHO EDFNXS JHQHUDWRU DGGHG$ FRQVWUDLQ
RSWLRQLVDGGHGWRWKHVLPXODWLRQDVWRPD[LPL]HWKHFDSDFLW\VKRUWDJHRIWKHVLPXODWLRQ
7KHILUVWRSWLPDOUHVXOW LVZLWKRXWFRQVLGHULQJDEDFNXSJHQHUDWRUEXWZLWKDFDSDFLW\VKRUWDJHLQWKHVROXWLRQ
7KHVHUHVXOWVUHSUHVHQWWKHZRUVWFDVHVFHQDULRZLWKODFNRIVRODUUDGLDWLRQRQFHUWDLQGD\VRUZLWKLQVXIILFLHQWVRODU
UDGLDWLRQ WR FRYHU WKHZKROH HQHUJ\ GHPDQG RI D VSHFLILF GD\7KH VHFRQG UHVXOW KDV D KLJKHU LQLWLDO FDSLWDO DQG
RSHUDWLRQFRVWVEXWZLWKWKHVDPHFRQVWUDLQWKHFDSDFLW\VKRUWDJHLVEDODQFHG$VWKHFRVWVDUHKLJKHUWKHUDWDELOLW\
IUDFWLRQLVORZHUFRPSDUHGWRWKHILUVWUHVXOW
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)LJ(TXLSPHQWDQGV\VWHPFRQILJXUDWLRQLQ+20(5VFUHHQGXPS


)LJ2SWLPL]DWLRQUHVXOWVLQ+20(5IRUWKHSURSRVHGVRODUSRZHUV\VWHP
%DVHGRQWKHVRODUGDWDWKHVRIWZDUHVLPXODWHVWKH39V\VWHPHQHUJ\RXWSXW7KHVLPXODWLRQVDUHSHUIRUPHGIRUD
\HDUDQGZLWKUHVXOWVIRUHDFKPRQWK)LJSUHVHQWVWKHPRQWKO\DYHUDJHHOHFWULFDOHQHUJ\VLPXODWLRQUHVXOWV7KH
VRIWZDUH DOVR SURYLGHV D VLPXODWLRQ RI WKH EDWWHU\ EDQN VWDWH RI FKDUJH SDUDPHWHU ZKHUH VLPXODWLRQ VKRZV WKH
FKDUJHVWDWXVRIEDWWHULHVLQIXQFWLRQRIKRXUVSHUGD\DQGFKDUJHGFDSDFLW\7RZDUGWKHZLQWHUVHDVRQSHULRG WKH
KRXUVDQGFKDUJHVWDWHLVVLJQLILFDQWO\ORZHUEXWHQRXJKWRSURYLGHWKHGHPDQGHGHQHUJ\


)LJ7KHVWXGLHGVRODUSRZHUV\VWHPDYHUDJHHQHUJ\SURGXFWLRQ
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)LQDQFLDODQDO\VLV
)RU WKH V\VWHP LQYHVWPHQW DQG SD\EDFN SHULRG VWXG\ D 9LVXDO %DVLF([FHO W\SH RI SURJUDP >@ >@ ZDV
FRQFHLYHGE\XVLQJVSHFLILFIRUPXODVDQGDOJRULWKPVWRFDOFXODWHDQGSORWJUDSKVDERXWWKHILQDQFLDODQDO\VLV)LJ

7KHSUHDQDO\VLV LV SHUIRUPHG IRU  \HDUV EXW LQ UHDOLW\ D VLPLODU V\VWHPFDQRSHUDWH \HDUV DW RSWLPDO
SDUDPHWHUV
7KH1391HW3UHVHQW9DOXHLVFDOFXODWHGXVLQJWKHIRUPXOD>@




ZKHUH 9W±LQFRPHIRU\HDUW
&W±FRVWVIRU\HDUW
,W±LQYHVWPHQWFRVWV
UD±DFWXDOL]DWLRQUDWLR
7±DQDO\]HGSHULRG

7KHLQLWLDOLQYHVWPHQWLV(XURVDQGWKHLQFRPHIRUD\HDULVUHSUHVHQWHGE\WKHHQHUJ\TXDQWLW\JHQHUDWHGE\
WKHVRODU39SRZHUV\VWHPDWWKHDFWXDOPDUNHWYDOXH
7KH139IRUWKLVDQDO\VLVDW WKHHQGRIWKHWK\HDULVFORVHGE\HXURVDQGWKHSD\EDFNSHULRGLVRYHU
7KH FRQGLWLRQRI DFFHSWDQFHRI WKH LQYHVWPHQW LV WKDW WKH139! DW WKH HQGRI DQDO\]HGSHULRG ,Q WKLV FDVH WKH
LQYHVWPHQW UHWXUQV LQ \HDUV RI RSHUDWLRQ DQG DOVR WKLV YDOXH LV WKHPLQLPXP\HDUV RI LQYHVWPHQW SHULRG7KH
VRIWZDUHZDVFUHDWHGWRVWRSWKHJUDSKSORWRQWKHILUVW\HDUZLWKWKHSRVLWLYH139EXWLIZHH[WHQGWR\HDUV
WKH 139 YDOXH LV JURZLQJ 7KLV DQDO\VLV FRQWDLQV RQO\ VHOIILQDQFHG SURMHFW RULHQWHG YDOXHV DQG JRYHUQPHQW
ILQDQFLQJ VXSSRUW LV QRW LQFOXGHG *UHHQ &HUWLILFDWHV WR UHQHZDEOH HQHUJ\ SURGXFHUV ZKLFK LQ VRPH FDVHV FDQ
UHGXFHWKHSD\EDFNSHULRGVLJQLILFDQWO\


)LJ9LVXDOL]LQJWKHVWXGLHGV\VWHP¶VLQYHVWPHQWUHWXUQSHULRG

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&RQFOXVLRQV
7KHWHFKQLFDOHFRQRPLFDQDO\VLVLVDQLPSRUWDQWSKDVHLQWKHSURMHFW LPSOHPHQWDWLRQUHJDUGLQJWKHW\SHRIWKH
SURMHFW RU WKH VL]H RI WKH LQYHVWPHQW ,Q WKLV SDSHU WKH DQDO\VLV KHOSHG WR RYHUYLHZ WKH WHFKQLFDO DQG HFRQRPLF
IDFWRUVRIWKHSURSRVHGV\VWHP,IWKHWHFKQLFDOIDFWRUDQGWKHHQJLQHHULQJKDVQRERXQGDULHVLQGHVLJQLQJDVRODU39
SRZHU V\VWHP WKHQ WKHHFRQRPLF IDFWRUVFDQHVWDEOLVKFRQVWUDLQV LQ WKHGHVLJQDV VHHQ LQ WKH ILQDQFLDORYHUYLHZ
FKDSWHU)RUWHFKQLFDODQDO\VLVLVUHFRPPHQGHGWRXVHGHGLFDWHGVRIWZDUHWRFKHFNWKHFRUUHFWVL]LQJDQGWKHEDODQFH
EHWZHHQV\VWHPFRPSRQHQWV$IWHUWKHILQDOGHVLJQLVFKRVHQDUHVHDUFKPXVWEHGRQHWRREWDLQWKHPDUNHWYDOXHRI
WKHFRPSRQHQWV ,I WKHZRUNLQJSULQFLSOHVRI WKH V\VWHPDQG WKHRSHUDWLRQFRVWVDUHNQRZQDILQDQFLDODQDO\VLV LV
QHFHVVDU\WRRYHUYLHZWKHSHULRGRILQYHVWPHQWUHWXUQDVSUHVHQWHGLQWKLVSDSHU
$FNQRZOHGJPHQW
7KHUHVHDUFKSUHVHQWHGLQWKLVSDSHUZDVVXSSRUWHGE\WKH(XURSHDQ6RFLDO)XQGXQGHUWKHUHVSRQVLELOLW\RIWKH
0DQDJLQJ$XWKRULW\IRUWKH6HFWRULDO2SHUDWLRQDO3URJUDPIRU+XPDQ5HVRXUFHV'HYHORSPHQWDVSDUWRIWKHJUDQW
326'586
5HIHUHQFH
>@ %LFD''XPLWUX&' HW $O ,VRODWHG+\EULG 6RODU:LQG+\GUR5HQHZDEOH (QHUJ\ 6\VWHPV 5HQHZDEOH (QHUJ\ LQ ,Q7HFK'HFHPEHU

>@ 6RWHULV.6RODU(QHUJ\(QJLQHHULQJ3URFHVVHVDQG6\VWHPVVW(GLWLRQ(OVHYLHU$FDGHPLF3UHVV8.
>@ .H\KDQL$0DUZDOL0,QWHJUDWLRQRI*UHHQDQG5HQHZDEOH(QHUJ\LQ(OHFWULF3RZHU6\VWHPV:LOH\
>@ /XFLDQ9(5HVXUVHHQHUJHWLFHUHJHQHUDELOH*KLGSUDFWLFGHSURLHFWDUHPRQWDMH[SORDWDUHúLLQWUHĠLQHUH(GLWXUD8QLYHUVLWDUă
>@ $UQR61LVKDQW1396\VWHPV6WDQGDORQH396\VWHPV7HKQLFDO8QLYHUVLW\'HOIW&RXUVH
>@ 5RQD\.'XPLWUX&'*OLJRU$0DQDJHPHQWRID3RZHU6\VWHP%DVHGRQ5HQHZDEOH(QHUJ\6FLHQWLILF%XOOHWLQRIWKH3HWUX0DLRU

>@ 5RQD\ . 'XPLWUX &' +\GURSRQLF JUHHQKRXVH HQHUJ\ VXSSO\ EDVHG RQ UHQHZDEOH HQHUJ\ VRXUFHV WK ,QWHUQDWLRQDO &RQIHUHQFH
,QWHUGLVFLSOLQDULW\LQ(QJLQHHULQJ,17(5(1*2FWREHU7LUJX0XUHV5RPDQLD3URFHGLD7HFKQRORJ\9ROXPH
3DJHV±
>@ 6RWHULV.6RODU(QHUJ\(QJLQHHULQJ3URFHVVHVDQG6\VWHPVVW(GLWLRQ(OVHYLHU$FDGHPLF3UHVV8.
>@ 0RFLDQ,,QIRUPDWLFăPDQDJHULDOă(GLWXUD0$75,;520%XFXUHúWL
>@([FHO9LVXDO%DVLF3URJUDPPLQJ+HOS
>@)LQDQFLDO$QDO\VLVRIDQ ,QYHVWPHQW 6RFLHWDWHDSHQWUXRSWLPL]DUHDFRQVXPXULORUHQHUJHWLFHGLQ5RPDQLD62&(5&DS$QDOL]D
ILQDQFLDUDDXQHLLQYHVWLWLL
>@+20(5+HOSZZZKRPHUHQHUJ\FRP
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